The background of this study is the skin physiological temperature distribution difference on the dorsal hands and pathophysiological temperature distribution on hands with CTS and non-invasiveness and painlessness of IRT. For presented study, the database of 268 thermal images of the dorsal side of 120 healthy (n= 120) and 14 pathological hands (n=14) with clinically diagnosed CTS of 8 patients were examined. Pre-surgical thermograms of the hands with CTS of each subject were taken and stored by using IRT (Thermocamera Fluke Ti55/20, FLUKE, USA). The new methodology of measurement and evaluation process of thermograms (SmartView 2.1, FLUKE, USA) was assessed. We observed the temperature distribution of the whole hand and the partial temperatures of the center point of carpals (D1), the center point of metacarpals (D2) and the finger tips of the third finger from proximal phalanges (D3), the intermediate phalanges (D4) to the distal phalanges (D5) and the Median Nerve Index (MI=(D1-D5)) were calculated [35] . Results obtained from measurements of the five defined points on the dorsal side of hands showed, that the temperature of CTS hands is characterized by a higher temperature in the phalanges unlike the wrist (MI<0, 71,4%), while the temperature is the lowest on distal phalanges (D5) of healthy hands (MI≥0, 85,8%). The results showed that the skin temperatures of median nerve distribution area on dorsal hands were significantly different between CTS and the control group. The sensitivity of IRT in diagnostic process of CTS is 0,714. Results will be confirmed by further screening of statistically significant group of patients.
INTRODUCTION
For many years temperature is the first measurement of a physical property for determination of diagnosis in the medicine. From electromagnetic theory it is a form of infrared energy being emitted from the first molecular surface of a body (skin). Infrared imaging is the detection and conversion of energy from a section of the infrared spectrum, into the visible spectrum. Surface energy levels are affected by the environment, operational conditions, heat transfer processes of a human body and skin characteristics. Because of thermograms interpretation is really important to know physiological characteristics and high skills with thermography measurement and picture analysis [9, 10, 15, 23, 35].
HEADLINE OF A SECTION
The goal of presented paper is to discuss the diagnostic role of medical thermography in neuro-vascular diseases of the human body such as Carpal Tunnel Syndrome (CTS). The main questions concern such problems as limitations in investigation of area of median nerve, diagnostic meaning of measurements, etc. Medical thermography is a powerful tool for the study of surface temperature distribution of the human body. It is non-invasive, non-radiation, painless and non-contact imaging technique with numerous applications in medicine that include breast diseases (breast cancer) [5, 6, 8, 11, 13, 14] , vascular diseases [19] , skin diseases, [16, 20, 22, 27] studies of inflammatory responses [16, 21] , Raynaud phenomenon [16, 18] , sleep research [24], and painrelated thermal dysfunctions [2] . Jesensek Papez B. et al. (in 2008 and 2009 ) used a large database of 502 thermal images of the dorsal and palmar side of 132 healthy and 119 pathological hands. It confirmed the hypothesis that the dorsal side of the hand is of greater importance than the palmar side when diagnosing CTS thermographically. Using this method it was possible correctly to classify 72,2% of all hands (healthy and pathological) based on dorsal images and > 80% of hands when only severely affected and healthy hands were considered. [1, 3] Ming, Z. at al. in 2007 used forty-one healthy hands (n=41) of 22 volunteers and 22 hands (n=22) with clinically diagnosed CTS of 16 patients were examined. A series of infrared photos of the hands of each subject were taken and stored by using digital infrared thermography (DIRT) before and 6 months after the CTR. The temperatures of the finger tips from digit 1 (D1) to digit 5 (D5), the center point of thenar (Th) and hypothenar (Ht) eminences were measured, the median nerve index (MI=(D1-D2)+(D1-D3)+(D2-D3)) and the temperature differences between the median and the ulnar nerve distribution area (MED.ULN=(D1-D5)+(D2-D5)+(D3-D5)+(Th-Ht)) were calculated. The results of DIRT measurements suggest that the blood flow regulation in CTS is abnormal possibly because of disturbed sympathetic vasomotor regulation and that the circulation gets normal together with the alleviation of the other symptoms of CTS as recorded 6 months after CTR operation [4].
CARPAL TUNNEL SYNDROME
Carpal tunnel syndrome (CTS), or median neuropathy at the wrist, is a medical condition in which the median nerve is compressed at the wrist (see Figure 1 ), leading to paresthesias, and numbness and muscle weakness in the hand. Night symptoms and waking up at night is a characteristic of established CTS. They can be managed effectively with night-time wrist splinting in most patients [1, 2, 3, 4, 35] . In the case of CTS, what happens is that the finger flexor tendons get irritated enough so as to cause the Median Nerve to be compromised. This can happen for many reasons for example the finger flexor tendons are too thick, the Transverse Carpal Ligament is to thick or the carpal bones are too small [1, 3, 4, 35] . The result of these predisposing factors is that the finger flexor tendons cause friction as they move over one another and the heat generated results in local inflammation. This inflammation irritates the nerve and the pain that results is what one experiences when they have CTS. The reason there is so much pain associated with CTS is because of the pressure on the Median Nerve. That is why it is also known as a Median Neurapthy at the wrist. In severe cases, there can be sufficient compression on the Median Nerve causing muscle atrophy and motor weakness in turn. In early stages of CTS individuals often mistakenly blame the tingling and numbness on restricted blood circulation. They may also be at ease and accepting of the symptoms and believe their hands are simply "falling asleep". In chronic cases, there may be wasting of the thenar muscles (the body of muscles connected to the thumb), weakness of palmar abduction of the thumb (difficulty bringing the thumb away from the hand) [1, 2, 3, 35] . The definitive treatment for CTS is carpal tunnel release surgery. This is effective at relieving symptoms and preventing further nerve damage, but established nerve dysfunction in the form of static (constant) numbness, atrophy, or weakness are usually permanent. CTS is diagnostic with Special Test (physicians can use specific tests to try to produce the symptoms of CTS), The Tinel Test (the doctor taps on or presses on the median nerve in the patient's wrist, the test is positive when tingling in the fingers or a resultant shock-like sensation occurs), The Phalen Test (The Phalen, or wrist-flexion, test involves having the patient hold his or her forearms upright by pointing the fingers down and pressing the backs of the hands together) [30] and only EMG is one imaging diagnostic method. This method is based on the myodynamia, but results from EMG are not always clear. In addition, EMG is using electrodes either in contact with body or using invasive electrodes. Current medicine and seeks to be a non- Fig. 1 Pressured at carpal ligament contact and noninvasive, also appears to thermography is suitable diagnostic method [35] . Problem with CTS is that it can be incorrectly diagnosed, and other syndromes can be diagnosed as CTS. A nerve conduction study, inflammation and temperature distribution may be of benefit in clarifying the diagnosis and this is the goal of this study.
METHODICS OF MEASUREMENT
Thermography is a temperature measurement technique used to produce a colored visualization of thermal energy emitted by the measured site at a temperature above absolute zero. Each pixel in the image depicts the radiance falling on the focal plane array/microbolometer -type detector used in an IR camera. [2, 7, 10, 19, 20, 23, 24] Skin temperature on dorsal and palmar side of hands from our database (n= 268) was measured with a infrared thermograph (ThermaCam Fluke Ti55/20, Fluke, USA) infrared camera. This thermographic camera produces a matrix (representing image points) of temperature values. The thermal sensitivity of the thermograph is 0,05°C at 30°C. Camera works in the spectral range from 8 to 14 μm (human body infrared radiation is highest in the spectral range around 9,66 μm) [31] and the calibrated temperature range -20 -100°C. Resolution of the camera detector was 320×240 pixels (total 76,800 pixels). Data were obtained through a high-speed (60Hz) analysis. Emissivity of the skin was set in the camera software to 0,98, the ambient temperature was measured by infrared (laser) thermometer (Pyrometer Testo 810) and for the control we used contact multimeter (Almemo Multimeter 2690, Ahlborn). Before each recording the camera was calibrated using the system's internal calibration process. All thermograms (n=268) were processing with special software (SmartView 2.1, FLUKE, USA).
Conditions of Measurement
Our measurement was carried out under the same conditions, still in the same room about ambient temperature 20°C (±2°C). In this room were retracted blinds, to avoid the impact of solar radiation and the room was equipped with air conditioning, because of the condition of maintaining the same temperature at each measurement [7, 15, 19, 20, 33, 35] . Database is consist of reference thermograms (RT; nRT=240) and pathological (CTS) thermograms (PT; nPT=28). In the RT are male and 
Median Nerve Index
Based on the knowledge, that symptoms of CTS are frequent burning, tingling, or itching numbness in the palm of the hand and the fingers. This is particularly typical for thumb or middle finger. Therefore, we identified five points in the lines of median nerve (on dorsal and palmar side of hand), on which we measured temperature. For dorsal side of hands it is the center point of carpals (D1), the center point of metacarpals (D2) and the finger tips of the third finger from proximal phalanges (D3), the intermediate phalanges (D4) to the distal phalanges (D5). (see Fig. 2 ) Graph 2 Temperature difference between points D 1 -D 5 (MI) from dRTF (n dF =54)
Negative difference D 1 -D 5 (MI<0) from RT F (n dF =54) was detected in 8 healthy hands (that is 14,8% from dorsal side of hands from healthy female dRT F ), the arithmetical average from the eight hands was of course negative -1,275°C ± 2,947 but the arithmetical average from partial difference D 1 -D 5 (MI) from dRTF (n dF =54) was positive difference 4,1°C ± 2,927.
Graph 3 Temperature difference between points D 1 -D 5 from dRT (n dRT =120)
Negative difference D 1 -D 5 (MI<0) from dRT (n dRT =120, dorsal side of hands from healthy male and female) was detected in 23 hands (that is 19,2% from dRT) and the arithmetical average from the 23 hands was of course negative -1,165°C ± 2,944 but the arithmetical average from partial difference D1-D5 (MI) from dRT (ndRT=120) was positive difference 2,874°C ± 2,903. Negative MI from dPT (n dPT =14, dorsal side of hands from CTS patients) was detected in 10 hands (that is 71,4% from dPT), the arithmetical average from the 10 hands was -1,32°C±1,223 and the arithmetical average from partial MI from dPT was -1,165°C ± 2,944. 
CONCLUSION
Sensitivity and specificity of thermographic diagnostic test was realized in 54 healthy hands (ndF=54), where dorsal side of hands was scanned (dRTF) and 14 pathological hands (n dPT =14) where also dorsal side of hands was scanned (dPT). As a referential test an EMG diagnostic method was applied. Sensitivity and specificity using formulas 6÷11 and argument MI=(D 1 -D 5 ) from database of dorsal scans was calculated. The calculated sensitivity (0,714) with the confidence interval 0,714±0,1207 and specificity 0,852 with the confidence interval 0,852±0,095 showed, that thermography is the promising method in diagnostic process of CTS with the advantages of its non-invasiveness and contactlessness. More statistically significant measurements are required to confirm obtained results.
